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Abstract 
An economically attractive technique was adopted using date palm fibers as a new carrier for invertase adsorption and for invert 
sugar production. Experiments were carried out to evaluate the results of incubation of Baker’s yeast with palm fibers in aqueous 
solution at 40 ° C for half an hour. CO2 produced from this reaction was employed as a reactant and it succeeded to modify the 
cellulosic surface of the palm fibers. This increased the capacity of invertase that had been secreted from Baker's yeast to be 
immobilized tightly on the cellulosic surface of the fibers. These results confirmed by FTIR and SEM. Characterization of the 
enzyme indicated that 1 gram of immobilized invertase on such wastes can produce 600 mg of invert sugar. By this technique, 
Egypt would be able to supply 6 million kg invert sugar per year. Molasses used instead of sucrose to assess the sustainability of 
the process. 
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1. Introduction 
Date Palm tree has been widely cultivated for its fruits. It is a main fruit crop in some Arab countries. The Arab 
world is characterized by about 70 percent of the 120 million trees in the world according to the Conference of the 
Arab palm and dates for 2011. They are responsible for 67% of the global date production. Date Palm economic life 
is at about 25-30 years. The quantity and quality of the fruit are directly dependent on the leaves which should be 
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pruned. After old leaves begin to die, turn brown and hang with no longer value on the trunk of the palm, dead 
leaves should be cut, and removed [1]. Date palm produces different types of by-products, leaf fibers, bast fibers, 
wood fibers and surface fibers [2].The production of these by-products fibers is to some extent more important than 
the crop itself. They can be considered as a large source of income if they were utilized. About 12–15 new leaves 
are formed every year that can be removed as part of the maintenance of the palm ,[3] reported that each tree 
produces 34 Kg residues annually which 7% of them are sheath that equal to 3 Kg of fibrous sheath are produced by 
each tree yearly. In Egypt, there are about 10 million palm trees that make the utilization of by-products of date 
palm as raw material source for industrial purposes promising issues. Utilization of palm industry waste, in the 
environmental technology field is still limited but they deserve special attention due to their high adsorptive 
capability as they are source of natural cellulose. In this study and at the request of date palm industry in Egypt, an 
economically attractive technique was adopted using date palm fibers as a new carrier for invertase adsorption and 
for invert sugar production. As far as the author aware, few studies only deals with fibers obtained from date palm 
trees. As most of studies deal with: the utilization of these fibers for reinforcing composites [4, 5& 6], for water 
treatment as eco-friendly flocculants or filters [7&8] and for studying the comparison of different date palm fibers. It 
is therefore, considered useful, at present study, to carry out a research on the possibility of using palm residues of 
date palm tree for invertase immobilization. Invertase (EC 3.2.1.26) is an important enzyme in the food industry due 
to low cost, good stability and high specific activity. Invertase is usually derived from Baker's yeast.  
Baker’s yeast is an economically attractive biocatalyst because of its available and cost effective and safety for food 
and pharmaceutical industries. It is important to mention that reactions carried out in the presence of baker’s yeast 
are fit within the concept of green chemistry  Invertase catalyzes the hydrolysis of sucrose into (invert sugar) a 
mixture of glucose and fructose [9]. Invert sugar has a lower crystallinity than sucrose, which is important in the 
food industry due to the products remain fresh and soft for a long time [10]. 
2. Materials and Methods 
1.1. Materials   
Investigated fibers are collected from Upper Egypt date palm tree. These fibers were chosen due to their abundance 
in Egypt. The source of these fibers is the foliage of the palm tree in particular from the leaf sheath. Sodium acetate 
was obtained from Fluka. Sucrose was obtained from Merck. Baker's yeast was obtained from Egyptian Integrated 
Company for Sugar.   
2.2. Methods  
2.2.1. Treatment of palm fibers and Immobilization of Invertase 
The fibers used are collected and were cut into small particles. Fibers were then activated by incubation in 
microwave, autoclave or hot water for 15 minute. Then washed with distilled water and dried at room temperature in 
air. The fibers were observed using a Scanning Electron Microscope (SEM) to characterize the morphology of 
treated and untreated fibers and analyzed by FTIR to prove the modification. Immobilization of invertase on palm 
fibers was achieved by suspending 1g of dry yeast in 50 ml of distilled water and stirring the mixture for 2 min 
.Then the solution was incubated with 1 g of palm fibers at 40 ˚C in a rotary shaker for half an hour. Complete 
removal of yeast is required by repeated wash for several times.  
2.2.3. Assay of Invertase 
The immobilized invertase was assayed in 1 ml reaction volume containing 0.1 g immobilized enzyme and 1 ml of  
100 mM sucrose in0.1 M sodium acetate buffer (pH 5.2). The amount of reducing sugars in the supernatant was 
estimated with Somogyi reagent. 
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 One unit of enzyme activity was defined as the amount of enzyme that produced 1 m mol of invert sugar per min 
under the above condition. 
2.2.4. Characterization of the palm fibers 
 The infrared spectra of all treated and untreated fibers were recorded with Fourier Transform Infrared Spectroscopy 
(JASCO FT-IR 6100, made in Japan). FTIR spectra were taken in the wavelength region from 4000 to 400 cm-1 at 
ambient temperature. The morphology of treated and untreated fibers was investigated by SEM model Quanta 250 
FEG (Scanning Electron microscope). 
2.2.5. Characterization of Immobilized invertase 
 Different experiments were conducted to validate the efficiency of palm fibers for invertase immobilization.    
2.2.5.1. Optimum Temperature 
 The optimum temperature for the immobilized invertase on palm fibers was examined. The enzyme was incubated 
for 15 min into 1 ml of 2.4% (w/v) sucrose at pH 5.2 and temperatures from 30 up to 70 °C. The results expressed in 
form of relative activity. 
2.2.5.2. Thermal Stability   
To investigate the stability of the immobilized invertase on palm fibers at different temperatures, 0.1 g of 
immobilized enzyme was incubated in 0.1 M sodium acetate buffer (pH 5.2) for a period of 1 h at different 
temperatures from 30 up to 80 °C and then they were examined for enzyme activity as mentioned before using 
sucrose as substrate. The results expressed in relative activity. 
 2.2.5.3. Optimum pH 
The dependence of sucrose hydrolysis degree upon pH was examined in the pH range of 3-8 using different buffers 
at 50 °C. 
 2.2.5.4. Storage Stability 
 The storage stability of the immobilized invertase was studied for a period of 18 month in refrigerator at 4 °C and at 
room temperature. A sample of the immobilized invertase withdrawn every two month and assayed for enzyme 
activity as mentioned before using sucrose as substrate. The activity was measured as relative activity. The 
operational stability also measured. 
2.3. Assessing the process sustainability 
Molasses used instead of sucrose to assess the sustainability of the process. The concentration used was 5% 
molasses in order to keep the same concentration of sucrose (Molasses contain 50% sucrose). 
3. Results 
3.1. Characterization of the palm fibres 
  
3.1.1. Scanning Electron Microscope (SEM) 
3.1.1. 1. SEM of fibers before adding Baker's yeast 
Different pre-treatments were applied on palm fibres to investigate its performance towards invertase 
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immobilization. Palm fibers were exposed to atmospheric pressure equal to 1.5 bars and in other treatment soaked in 
hot water, while finally moistened and heated by microwave for approximately 15 min. All treatments were 
compared with un-treated fibers. The fibers were observed using a Scanning Electron Microscope (SEM) to 
characterize the morphology of treated and untreated fibers before applying the Baker's yeast. The results are 
illustrated in the following figures which represent longitudinal views of the palm fibers: 
 
          
  
Fig.1 Fibers without any treatment       Fig.2 Fibers treated with hot water 
 
       
 
Fig.3 Fibers treated with pressure                                 Fig.4 Fibers treated with microwave 
 
From the above figures which magnified up to 300 it can be concluded that the untreated fiber covered with thick 
layer Fig.1 which tend to decrease gradually by soaking in hot water (before boiling) Fig. 2 and started to disappear 
gradually by exposing the fibers to high pressure of 1.5 bar and high temperature 121º C Fig. 3.Then disappeared 
completely after exposure of fibers to high temperature of domestic microwave Fig.4.    
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Fig.5 Fibers without any treatment                                Fig.6 Fibers treated with hot water 
 
      
 
Fig.7 Fibers treated with pressure                                   Fig.8 Fibers treated with microwave 
  
Magnifying the scanning electron microscope photos up to 1500 showed more details in fiber surface as shown in 
Fig.5, Fig.6, Fig.7 and Fig.8. It was obvious that the cellular structure of the fibers changed permanently during 
treatment and that was due to high temperature and pressure. Photo of Fig.5 showed the rigid structure of the natural 
fibers without treatment while Fig.6, Fig.7 and Fig.8 showed elastic structure which have been found to increase 
with heat treatments. It can be seen that Cellular collapse occurs, dependent on the treatment conditions. 
Consequently the performance of each treated fiber toward invertase expected to be different as will be discuses 
later. These treatments remove a certain amount of lignin, wax and oils covering the external surface of the fiber cell 
wall as reported by [11]. 
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3.1.1.2. SEM of fibers after adding Baker's yeast 
 Morphological characterization of treated date palm fibers before and after adding Baker's yeast has been assessed. 
The comparison between them showed the modification of their surfaces after cellular collapse for the outer layer of 
the fiber. It can be seen in` all figurers from Fig.9 up to Fig. 12 that the surface cleaned from the outer layer without 
damage to the fiber itself after adding Baker's yeast. This result in agreement with [12] who reported that untreated 
fibers are having a weak outer layer that can prevent strong bonding with  polymer matrix , while treated fiber with 
sodium hydroxide led to the removal of  the weak outer layer which can lead to stronger bonding with the matrix. 
 
       
 
           Fig.9 Fibers treated with pressure before adding Baker's yeast               Fig.10 Fibers treated with pressure after adding Baker's yeast 
 
         
 
              Fig.11 Fibers treated with microwave before Baker's yeast                Fig.12 Fibers treated with microwave after adding Baker's yeast 
 
It was proposed that Baker's yeast aqueous solution was used to modify the fiber surface as a new technique fit with 
green chemistry. It can be concluded from Fig. 10, Fig. 12 and Fig. 14 that Baker's yeast played an important role in 
improvement of fiber surface. It can be seen that it causes fibrillation. This is approved by the appearance of pores 
which distributed on the surface of the fibers and hence, may facilitate the penetration of invertase inside the pores 
or adsorbed by new bonds as will be discussed below. 
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The author attributed this modification to the librated CO2 from the results of incubation of Baker’s yeast with palm 
fiber at 40º C. CO2 produced from this reaction is employed as a reactant and it succeeded to modify the cellulosic 
surface of the palm fibers and allows the separation of fibres and disrupts the hydrogen bonding in the network 
structure, thereby increasing surface area [13]. Cellulosic surfaces are often affected by CO2 .This treatment de-
polymerizes cellulose and exposes the short length crystallites. 
 
       
 
         Fig.13 Fibers treated with hot water before adding Baker's yeast            Fig.14 Fibers treated with hot water after adding Baker's yeast 
 
 (CO2) plays an important role in the modification of cellulose of date palm fibers as it makes the surface of fibers 
become more degraded and it disrupt the heterogeneous structure of cellulosic materials thereby increasing the 
amount of free cellulose available for binding with the enzyme. This result sounds good as many trials have been 
done to alter cellulosic surfaces by utilization of supercritical (scCO2) [14]. 
 
3.1.2. Fourier Transform Infrared Spectroscopy (FTIR)     
The modification of cellulosic surface was examined using FTIR (Fourier Transform Infrared).The aim of this study 
is to investigate the effect of heat treatment by different methods on the properties of date palm fibers and also the 
effect of CO2 produced by Baker's yeast. 
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Fig. 15: FTIR spectra of untreated date palm fiber 
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First, an investigation of the FTIR spectra of untreated date palm fiber was undertaken and illustrated in Fig. 15. It 
revealed the lignocellulosic structure of the fiber. 
There are peak at position 3834.76 with intensity 96.08810(in un-shown data). The second peak at position 3683.37 
with approximately the same intensity. Another peak appeared between 3430.74 and 2924.52.A very broad peak 
between 2858.95 and 2012.36  
The part of the fiber that had been used here is the leaf sheath as shown in Fig. 16 
 
 
Fig. 16: Leaf sheath of date palm 
   
Fibers of leaf sheath of date palm was used in this study due to its abundance and due to the low  lignin content to be 
removed easily as reported by [15] that leaf sheath of date palm have low lignin amounts ranging from 12% to 18%, 
while, they showed high contents on hemicellulose and cellulose. 
As mentioned before cellulose was modified and lignin was removed by microwave, autoclave and hot water in 
order to increase its capability to invertase to be immobilized. Moreover Cellulose modified by CO2 of Baker's 
yeast. This modification has been monitored by infrared spectroscopy analysis as seen in Fig. 17, Fig. 18 and Fig. 
19. 
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Fig. 17: IR spectra of date palm fiber treated with pressure before and after adding Baker's yeast 
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The FTIR spectra in Fig. 17 revealed that the peak at the position 2351.77 with intensity 88.45103 % in case of 
treated fiber before adding Baker's yeast shifted to the position 2335.37 with intensity 96.31798 %.Moreover the 
peak at the position 1637.27 with intensity 78.15996 % shifted to the position1635.34 with intensity 84.61449 %. 
The shifting of the peak from position 1040.41 with intensity 86.55259 % to the position 1044.26 with intensity 
87.44260 with all other results indicating the formation of new bonds which prove the immobilization of invertase. 
The results of the intensity are too long to be presented here.   
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Fig. 18: IR spectra of date palm fiber treated with microwave before and after adding Baker's yeast  
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Fig. 19: IR spectra of date palm fiber treated with hot water before and after adding Baker's yeast  
   
The FTIR spectra in Fig. 18 revealed that the appearance of two peaks at the position 3827.04 and 3730.62 after 
adding Baker's yeast. FTIR revealed the widening of the peak at the position 3431.71 with shifting to the position 
3437.49. Moreover it revealed the appearance of the peaks at the position 2925.48, 2859.92, 2691.18 and 2350.8 
with intensities 93.00161, 94.95008, 96.06947 and 93.64117 % respectively. It is also interested to note the 
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appearance of a peak at the position 1623.77 with intensity 82.84085 %. Widening the peak at the position 1405.85 
with the appearance of long peak at the position 1044.26 with intensity 77.78855 % in addition to other small peaks 
are indicator for the formation of new bonds. Increasing of the density of the fibre due to increasing in the intensities 
is indicator for the availability of more cellulose. All these results together are a good proof for the immobilization 
of invertase due to the effect of CO2 of Baker's yeast.   
The FTIR spectra in Fig. 19 reveal the cellulosic structure of the date palm fibers and their modification after 
treatment with CO2 of Baker's yeast. This modification in structure is attributed to the increase of cellulose amount 
exposed on the fiber surface since a large amount of lignin and hemicellulose has been eliminated. Then this change 
increases the number of possible reaction sites (OH group).This result in agreement with [16]. 
 
 3.2. Characterization of Immobilized invertase 
  
3.2. 1. Invertase Activity on different treated fibres 
The results of morphological characterization by SEM and analysis by FTIR have encouraged the author to examine 
the activity of the immobilized invertase on date palm fibers that exposed to different treatments. The results 
represented in Table (1). 
 
Table (1): Invertase Activity on different treated fibres 
Invertase activity 
U/ g carrier 
Different type of fiber 
+ Baker's Yeast 
29.97 Fibers treated with hot water 
32.77 Fibers treated with pressure 
36.85 Fibers treated with microwave 
 
It was obvious that treatment of date palm fibers influence invertase activity either increased or decreased. The 
highest invertase activity was obtained from enzyme immobilized on fibers pre-treated with exposure to microwave 
36.85 U/g carriers. The author attributed this result to the fact that ,this type of treatment helped  the librated CO2 
from Baker's yeast to increase the amount of cellulose exposed on the fiber surface, thus increasing the number of 
possible reaction sites which also reported by [17]. On the contrary, the lowest invertase activity was obtained with 
invertase that immobilized on fibers pre-treated with hot water only which indicated that date palm fibers required to 
be pre-treated before adding Baker's yeast. Although the difference in activities is better in case of pre-treatment by 
pressure or microwave but the study will be more time consuming and expensive. Therefore the author 
recommended utilizing the date palm fibers with mild pre-treatment with hot water. 
 
3.2.2. Optimum temperature 
Different temperatures were investigated to determine the preferred hydrolysis temperature. The results are 
illustrated in Fig. 20. The relative activity calculated on considering the control temperature 50 º C is 100%. 
 
Fig. 20: Effect of different Temperatures on invertase activity 
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The results indicated that the immobilized invertase on such fibers enhanced the hydrolysis of sucrose at wide range 
of temperature from 40 to 70 °C after which activity decreased to 70% at 80°C. The immobilized enzyme had a 
relatively wider high activity range which suggests a higher thermal stability of the immobilized invertase. This 
result is superior on the results of other authors as [18] reported that invertase retained 83% of its activity at 50 °C. 
Most microbial invertases have optimum temperatures in the range of 45-60 °C [19, 20 and 21].It was surprisingly 
notice that immobilized invertase works at 4°C with relative activity equal to 30%.  
 
3.2.3. Thermal Stability 
Thermal stability was studied and illustrated in Fig. 21. It revealed that at 60 °C and after 1 h, invertase activity keep 
its stability with 100%  in absence of substrate while it start to decrease to 91 % at 70 °C  then decreased to 73 % at 
80 °C. These results are a good indicator that the new technique stabilizes the enzyme at such high temperatures and 
formed tight association between the enzyme and the carrier. 73% is applicable considerable percentage at 80 °C for 
one hour.  
 
Fig. 21: Effect of immobilization of invertase on thermal stability 
 
 
3.2.4. Optimum pH 
It is well documented that the optimum pH for invertase from Saccharomyces cervices is in acidic range [22, 23].In 
this study different pH ranges were examined ranged from 3 up to 8 using different buffers, citrate, and acetate and 
phosphate buffers. The results calculated as relative activity considering the control at pH 5 is 100% and illustrated 
in Fig.22. It is worthy to note that invertase retained considerable activity at alkaline pH. It was expected that the 
high pH may inverse the reading of activity as these kinds of fibers often treated with alkali to disrupt their 
cellulosic surface [24]. But may be the short time of assay or the kind of buffer did not allow for such reaction to 
take place. This result indicates that this technique kept the enzyme as the immobilized invertase retained 69 % of its 
activity at pH 8 and retained 78 % of its activity at pH 7, while retained 54% at pH 3. 
 
3.2.5. Operational stability 
The ability to increase the output of the experiment while keeping maintaining precise control is having a good 
impact on decreasing timelines in process developments. In the market, companies prefer mini-bioreactor systems 
that are able to accurately replicate larger scale systems at competitive prices. Therefore evaluation of the 
operational stability of the immobilized invertase of this study is required. 
The replicate of using the same weight of the immobilized invertase for several cycles is represented in Table (2).It 
should be pointed here that the results of relative activity is a result of approximation. It can be seen that the 
immobilized invertase has the ability to work with good activity up to 51 % after 27 cycles; each cycle is 30 minutes 
at 60 º C in presence of its substrate. 
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Fig. 22: Effect of different pHs on invertase activity 
 
  
Table (2): Operational stability of immobilized invertase on date palm fibers 
Number of 
Cycle 
Relative 
Activity (%) 
Number of 
Cycle 
Relative 
Activity (%) 
Number of 
Cycle 
Relative 
Activity (%) 
1 100 11 95 21 58 
2 100 12 90 22 58 
3 100 13 87 23 58 
4 100 14 86 24 54 
5 100 15 72 25 53 
6 99 16 70 26 52 
7 99 17 65 27 51 
8 97 18 64 28 49 
9 96 19 63 29 44 
10 96 20 62 30 40 
 
 
3.2. 6. Storage Stability 
The manufacturer's main objective is to retain the activity. Enzymes for industrial use are sold on the basis of overall 
activity. This is to ensure that the enzyme preparation has guaranteed storage life. Therefore evaluation of the shelf 
life of the immobilized invertase of this study was undertaken over one and half year of storage. The results are 
illustrated in Fig. 23. 
The immobilized invertase on date palm fibers has high storage stability as it retained 100 % of its activity after 2 
month at room temperature, while it retained 78 % of its activity after storage of one year at the same temperature. 
In other study un published yet, the immobilized invertase on tea leaves residue retained 93% of the activity after 24 
month of storage at 4 ºC, while invertase of other author which immobilized by entrapment in carrageenan gel beads 
remained fully active after 12 weeks of storage too at 4°C as stated by [22] . 
This could be considered as high storage stability as the immobilized enzyme could retain its activity at room 
temperature. There are a few reasons that led to the explanation. One of them is that the glycosylated linkers of 
invertase bind directly to cellulose of date palm fibers. 
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Fig. 23: Storage Stability of immobilized invertase 
  
3.3. Assessing the process sustainability 
The author has outlined some of the considerations such as evaluating the costs and requirements to produce 
considerable amount of invert sugar. Therefore, molasses used instead of sucrose to assess the sustainability of the 
process. 5% molasses in order to keep the same concentration of sucrose (Molasses contain 50% sucrose). 
Comparison was undergone with sucrose as a substrate which its concentration was 2.5 %( control). Hence the rate 
of sugar inversion is a function of initial sucrose concentration and time, then it was important to study the effect of 
substrate concentration either pure sucrose or sucrose of molasses and the effect of incubation time of the 
immobilized invertase on date palm fibers with the substrate. The results presented in Table (3) & Table (4). 
Investigation of either different molasses or sucrose concentrations after one hour of incubation (one gram of 
immobilized invertase on date palm fibers) at 50 ºC revealed that, increasing substrate concentrations leads to 
increasing invert sugar production. The highest yield received at 10% for both substrates.  
 
Table (3): Effect of Sucrose Concentration on Invert Sugar Production 
Molasses 
Amount of Invert Sugar 
(mg) 
Pure Sucrose 
Amount of Invert Sugar 
 (mg) 
Concentration of 
Sucrose 
(%) 
9 37 1 
17 43 1.5 
25 55 2 
37 55 2.5 
49 117 3.5 
68 135 5 
109 227 10 
   
Invertase tends to produce high invert sugar after long incubation time as it is obvious from Table (4). Seven hours 
of incubation resulted in production of 600 mg and 204 mg of invert sugar from sucrose and molasses respectively. 
In order to receive highest yield of product in short time, the amount of immobilized invertase should be increased 
i.e., If one gram produce 600mg after 7 hours , two grams will yield 700mg after 4 hours  or about 500 g could be 
produced after three hours as it can be calculated from Table (4). Although highest yield of invert sugar produced 
from pure sucrose but considerable economical amount was produced from molasses at the same condition. 
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Table (4): Effect of Incubation on Invert Sugar Production 
Molasses 
Amount of Invert Sugar 
(mg) 
Pure Sucrose 
Amount of Invert Sugar 
(mg) 
 
Time 
( hours) 
35 60 1 
53 150 2 
74 255 3 
105 350 4 
145 498 5 
194 585 6 
204 600 7 
 
Impact of the study 
The utilization of such wastes may help in enhancement of the Egyptian countryside by encouraging the farmers for 
the optimal use of palm wastes. And hence avoid environmental pollution.  Moreover, small scale industries based 
on palm ores may play a vital role in the economies of the farmer. Finally production of invert sugar which is 
represent commercially and strategically attractive product by immobilization of Baker's yeast invertase on palm 
fibers. By considering that Egypt produces about 10 million palm trees and by considering that each palm gives 
about 1 kilogram of fibers per year then the total fibers produced is 10million kilograms per year. By immobilization 
of invertase on those fibers for production of invert sugar it leads to that each one gram of immobilized fiber can 
give 600 mg of invert per one cycle which means that one kilogram of immobilized fiber gives 600kilogram of 
invert sugar per one cycle only. The same one gram can be replicated 27 cycles. The exhausted date palm fibers at 
the end of immobilization can be used for saccharification as a kind of novel pre-treatment of natural cellulose. 
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